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DRJ@ DETZRltINATIOl?SOF THE FORWARD COUPONEHT

OF A TRICYCLE LAHDIYG GEAR

By Hubert ~ic ~~rmon

SUMMARY

17ind-t.unnel tssts were performed to.deiermine the drag
of the fro~t-w’heel ~rrangement$ of .ge~eral types of ~“r~”cy=

cle landing q,ear”. One wheel was tested in arrangements to
simulate. both ncmretracteri and, partly retracted types. The

—.

Ian&in% sears were tested in conjunction with a fuselaqe,
..

and the. effects of wheel extension and longitudinal loca-
—-

tion were determined
.—..

The draq changed very little with either longitudinal
l%cation or wheel extension for the landing year with the
lowest. draq: a completely faire(i landin’~ %ear of” the wheel-
spat , sin~le-strut type. The draq of the trouser-type
landinq qear tncreased considerably, however, with an in-
crease in the wheel extension. The ~hee~ of the unfaired
retractable landing .%ear was at least oneshalf retracted
into the fuselaqe before the” draq %ecane. less than ~ha=” Of
tn~ best no~retra~ted landinq qear. The drag per unit
frontal area of the l“andinq qears of the present tests ;as “-
about the same qS that found for sinilar landing gears in
earlier tests.

..-—

.—

.—

INTRODUCTION _---,

Several ~+ears agCJ tests of a “larqe aumber of con~en-..
tional two-wheel lanolin% %ears alone and also ~n combination
with fusela~e, tvinqg,
(See references 1, 2,

and”’nacel-le were made by “the llACk.
and 3.) These tests contri%%ed a ~~ .:_

considerable amount of ~asie ~nfornation about the dra~ of
la~dinq <ears. The draq o~ the fixed and the partly re-_ .. . _
tracted forward component of the tricycle landin~ ~ear
cotid not be predicted wit-n certainty from the pr”e~ious

.-

tests because these tests did not include landin~ gears t~g~
were located at the forward end of the fuselaqe.

.....—
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The tests herein reported were nade to determine the t

drsg of nose-wheel kndin-: -%ear arrangements an& possible
variations ‘paculiar to tricycle landing %oars. The lanolin%
qears tested were restrict-ed tm a few caa%ilever typos

found to 3e g-ood in the oo,rlier tests. Most of them were
tested in four lofigitudinal positions. _.--—

A?PARATUS
...—

The tests -iveremade in the HA(JA 20--foot wind tunnel.
(See reference 4.) The return passa%es of the t~~el have
been slightly altered and a new six-element balance has
been installed since reference 4 was writtec.

—

The fuselaqe to which the landing zears were lQ*ttQd is
shown supported on the %alance in.figure 1- The forward
half of the fuselaqe is ~pproximately elliptical ia cross
section; the nose and the ~Tindshield..appro::ima~e the shape
of t-h-enose an”d the windshield on a hod.ern transport fUse-

.-—
s

Iaqe.
.

The ~an~inqqearg testefl ~~y be cLassed .%s IIOTlr~traCt- r“

ed and partly retracted type’s. “The wheel used for =01 test~

is a ~-
2072

scale nodel of a nominal 47-inch snooth contour,.

Complete faiiinq 11 is obtained by slippinq the larqa
streamline ~ylindri.cal fairir..: down over the strut and the

—

wheel to the .maximun sec-tion of the wheel fairin%, which it
fits Snclqly% T>-e ~ap.t~y retracted lar$ig~ %e,~rk te$te$-”in-
cluded”an tilfaired’”l~nding ~ear ~,lo~e c,m~.ret-ratted into
the streamline fa:ring, both .ti.ithand without the f~rin%
cap. The fairing is shawn in figure 6.

_.—
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METHODS
...—

‘ All the Iandigg gears were tested, in conjunction with
the fuselage,’ which 17as set at zero pitc~. TFiqure 7 is a -_ “__.,
composite sketch showinq part of the “outline of the wheel
in each position tested. The “lotiqituii&l, l.oca.tions are
called positions A, B, C, and D ahd the r=tial 10cat~.”O-Z”---
alonq any of these iines is given as a certain. extension

...-

in wheel diameters measured fron the outernost wheel s“ur-
face . ~i~ures 8 to 32 show the ~“arious arrangements, t-he
modifications, and the drag results.

Dra.q and t.ynanic pressure were ~easured for every a.r-
ranqement . .—

PRXCISION
.“ .

Based on the check of zero readings’” and on re~eat
tests, the draq is beliovod to he accurate 50 withtn iO.5
pound. The relative -precision; of t~he tests nad~ close to-—..—— -—
.gether in a series, in which the fillet whs t“ae only change, - “ .
“is with few exceptions ‘ielie~ed t:a be wi,thin *O-2 pound. ~

IZI!SUL?SAND “DISCUSSION

All draq valu-es’presented ti”this r~port were taken
from faire.~ curves of ~.~~a?~~o”t’t”ed.a$ainst dyn~”mic p-r6SSUr0.

-.

The ~os.t”u.seful of the. result’s gi~en.in”$iq+a.res-.8 to 32 are
——

summarized Zn ta-oles I and 11. Plots 05 drag aqainst vheel
extension for t’he Var’iou”stypes Of .q:ea-ra“tie.shown in fi%ure
33. Fiqures Z4 and 33 show the %a~ia~ibn 03 dr’aq with the
Ionqitud%zi,al location. !i%ese three’fiqure’s prqsent the
chief trends anif the local deviations from t~en... ...

The nonretracted lahd’ing “qears in order of decreasir-q
draq are: unfaired landing qear, strut-falred landin.q gear,
completely faireii landinq qear 11, and completely faired
la.ndinq. qear I. One exceptioti” to ~~i”s or~e”~ is found in
position c, where the completely fe,i..rediandin? %eqr 13 “~-
at less than 1.Z6 dianotor exte~si~n-”is Iofiefii-n drag than
the completely f~.ired lazidinq %ear. I at: t%e” %ame extensi-tiiii-.-

The gartly retracted landinq qca,rs in ordor of decreas-
ing ciraq are: the lan”dinq qear in streamline fa~riti”qw~th

. —

—
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cap Gff, the unfaircd landinq Rear alone, and tho landing 1

qear in streamline fairin~ with the cap on.

There is a qener~l trend of increased dra~ with an inc-
reased extension, but the draq of the co~pletely faired
l.andinq qaar I remains substantially congtant Ivith an in-
crease in the extension. ThQ unfaired Iandinq qgar and the
cOmPICtOl.v faired landinq qear II show the zroatest in-
creases with extension.

-—

The dra~ of ~ach landin~ qear either does not chanqe *.—.
or initially increases as the landinq qear is movod to .2 —.
more rearward position. Of the landing sears tested in
the most rearward position D, only t%xs unfaired lacdin% *
qoar had a lowor dra~ thp.n the samo Iandir.g ~oar in the
next far-ward positflon. C. Of the nonretractod landinq . .

gears , tho Unfained Zandir.% “qear and the strut-faired land-
,

ing qear showed bhQ greatest--cfianqe in dra~ with longitu-
. .

dinal pocition. The partly reiractod lanolin? %oars showed
practic,llly no cb~.nqe With Ionqltudinal pcsi%icn. —

The d.ra~ Fer unit froaial area o~the completely faired
landinq qears I n.nd II was about the snme as that found for
the similar inndinq qears B aad A, respec$i~ely, of’ ref-
erence 2.

CONCLUSIOZTS

The drag chan~ed very lit-tle l~ith either lon~i~tiinal
location or wheg~ extension for t~e landing ,qear with t’ae
lowest drc%: a completely faired .Iandinq “year of the wheel- “
‘spat , sinqie-strut tyye. The .clra~;nf the tirouser-ty~e t.
lnndinq Rear increased considerably, >owever, with an ,in- .
crease in the wheel extension... Tke ~~~e~l of the unfaired
retractable landinq Sear ~.a~ at least 0110-2KLlf retracted P
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into the fuselaqe before the dra5 ‘oecane less than that of
the best nonrotra. cted landinq %ear, The drq per uriit
frOntal area Of tho landinq years of the present fgs~s wn$ .

about the szme as that found for similar landin~ qenrs in ‘-
earlier tests.

Lan~loy !,lemorial Aeronautical Laboratory,
Katioaal Advisory Conr.ittee for Aeronautics,

Lanqley Field, Vs., October 10, 194~. .—
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TABL3 I

Drag at 100 mph’of Nonretracted Landing Gear
and Wheel Arrangements .—

[Drag values given are for optimum fillets. Fgrfillet
dimensions used and for values obtained with fillet

..-.—

arrangements with higher drag, see figs. 8 to 28,
inclusive.]

—. ——._ r——~ —— —--— ————— ——— — .——

Fairinq
and

reference

Wheel
extens~on —— ----

Position
(dium. ) A

Unfaired
(fig. 2)

—-—.

Strut
fairinq
(fiq. 3)

———-.

Complete
fairing I,
wheel-spat
aad strut

type
(fi%. 4)
-————
Conplete
fairinq II
trouser-
type
(fiq. 5)

2.00
1=50
1.13
1.06

-—-——
2.02
2.01
1.52
1.50

2.00
1.50

1.50
1.25
1.16
1.11

—
2.00
1.50

1.06

1.02

‘7.9
5.9
3.1

4.4

3.9

1.9
1.5

1.7

-——-- —

Draq, 1%— 1-
Positior

B
-———
9.5
7,1

5,7
.—--
5.4

5.2

.———-
2.0
2;4

a3.4

2.0

-—--——
5.2

4.6

2.1

-———-

Positio
c

—— —
13.5
10+7

9.9

8.3

7.5

2;5
2.5

2.6

5;2

4.8

Position
D

13.0
9.8

8.0
.——-——__—

,—————__—

4.0
3.8

.—— -__—

7.5

4.9

.4 I
1-”,——-

%heel clearance increased by trirming off 1 inch of fairing,
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TABLE II

Drag at 100 ~ph of Partly Retracted Landinq-Gear
and Tiheel Arranqenents

(Dra% values %tven are for optinun fiilets. For fillet di- ____
nensions, see fi~s. 29 tG 32, inclusi~e)

Fairinq
and .

reference

.—————
Unfaired

qecr
(fig. 2)

Strea,~line
fairinq,
cap off
(fi~. 6)

Streamline
fairinq,
cap on
(fiq, 6)
..— -——

————

Wheel
extension

0.75
.50
“5●C

0.75
●SO

0.75
.50

—..——_____

-————

-—.——-

Position
B

4.0
1.0
.5

-————- -

6.9
5.2

0:!5
-. 1

-—-— ———..

————— I -1-——— ———
4;8
1..6

1-

1.7 0.6
.6 1.2

-——— ———

‘-T-
————

6.8

---1:--1:‘“”-
4.9

-— ——— ————

0.8

_-2_d_ -

,

.
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rignre 1. - Puselege and landing gear with complete fairing I mounted in the W-foot wind tunnel.

heel extended 1.5 dimmters in position B.
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